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ABSTRACT:   Introduction: The incidence of tick-borne diseases in Poland and Europe is increasing which is considered to be due to climate 
warming which promotes the growth of tick populations. Lyme borreliosis is the most prevalent leptospirosis in the US and Eu-
rope. Due to the potential for serious complications and the lack of specific prevention, diagnostic vigilance is essential so as 
to ensure early diagnosis and implementation of treatment. The main pathogen-transmitting vector is the tick species Ixodex 
ricinus. The suborder of ticks (Ixodida) belongs to the Acari subclass of arachnids. The natural reservoir of B. burgdorferi consists 
of small and medium-sized mammals and birds. Around ¾ of patients with Lyme disease report complaints and present dis-
ease symptoms within in the head and neck. The symptoms are diverse and may occur at all stages of the disease. These in-
clude headaches, neck pain and stiffness, sore throat, dizziness, cervical lymphadenopathy, otalgia, tinnitus, sudden hearing 
loss, and facial muscle paresis. Despite numerous papers being published on neurological manifestations of Lyme disease, the 
issues regarding the location of damage within the course of the auditory pathway and the balance system remain unanswered.  
In some cases hearing disorders may be due to central damage while others may be due to peripheral damage. 

  Aim: The article provides an overview of reports on the clinical course and manifestation of Lyme borreliosis.
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STRESZCZENIE:    Wstęp: Liczba zachorowań na choroby odkleszczowe w Polsce i Europie narasta, co wiązane jest z postępującym ociepleniem 
klimatu, sprzyjającym rozwojowi kleszczy. Borelioza to najczęstsza krętkowica występująca w USA i Europie. Z powodu po-
tencjalnie poważnych powikłań i braku swoistej profilaktyki, niezwykle ważna jest czujność diagnostyczna, pozwalająca na 
wczesne postawienie rozpoznania i wdrożenia leczenia. Głównym wektorem transmitującym patogen jest kleszcz z gatunku 
Ixodex ricinus. Rząd Kleszczy (Ixodida) należy do pajęczaków z podgromady roztoczy. Naturalnym rezerwuarem B. burgdorferi 
są małe i średniej wielkości ssaki oraz ptaki. Około ¾ chorych na boreliozę zgłasza dolegliwości i prezentuje objawy chorobo-
we w obrębie głowy i szyi. Są one różnorodne i mogą występować we wszystkich stadiach choroby. Należą do nich: bóle głowy, 
ból i sztywność karku, bóle gardła, zawroty głowy, limfadenopatia szyjna, otalgia, szum uszny, nagły niedosłuch, niedowłady 
mięśni mimicznych. Mimo wielu publikacji dotyczących neurologicznych manifestacji boreliozy kwestią pozostającą nadal 
do wyjaśnienia jest lokalizacja uszkodzeń w przebiegu drogi słuchowej oraz w obrębie układu równowagi. Część przypadków 
zaburzeń słuchu może wynikać z uszkodzeń centralnych, a część z obwodowych.

  Cel: Artykuł przedstawia przegląd doniesień dotyczących przebiegu i manifestacji klinicznej boreliozy.

SŁOWA KLUCZOWE:   borelioza, otoneurologia, przebieg kliniczny

INTRODUCTION

For the last 20 years, the reported number of Lyme disease cases 
in Poland has been steadily increasing by a factor of several dozen 
percent year-to-year. A total of 751 cases were reported in 1996 
versus 22,000 in 2016 [1]. 

Lyme borreliosis is prevalent worldwide, albeit with fairly signifi-
cant regional differences within the nature of skin lesions as well 
as the incidence and severity of individual organ lesions. This is the 
most prevalent leptospirosis in the US and Europe [2, 3]. Despite 

the fact that the disease symptoms had been described in medical 
literature for more than 100 years now, the causative agent, Borrelia 
burgdorferi, was identified by William Burgdorfer as late as in 1981. 
In 1883, a German physician, Alfred Buchwald, described a case of 
“long-term, disseminated idiopathic atrophy of skin”. Around 20 
similar reports were published in the following years. Erythema 
migrans was reported by a Swedish dermatologist Arvid Afzelius 
in 1909; however, the relationship between the erythema migrans, 
tick bite, and the incidence of polyneuropathy and meningitis was 
discovered by French clinicians Garin and Bujadoux in 1922 [3]. 
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In humans, B. burgdorferi can be isolated from blood as early 
as four days after the tick bite [18]. In vitro, B. burgdorferi is ca-
pable of binding numerous receptors on the surface of different 
cells (pluripotential affinity). The bacterium is capable of binding 
plasminogen and its activator urokinase, activating them to start 
proteolysis that promotes its penetration ability [19]. In principle, 
B. burgdorferi is an extracellular pathogen, but it can be detected 
within cells, including fibroblasts and synovial cells [20, 21]. This 
may be responsible for treatment failures [22]. In the infected 
subjects, increasing humoral immunity is observed starting from 
the first days of infection, involving sequential activation of IgM, 
IgG, and IgA classes of antibodies; however, antibody levels are 
non-measurable in nearly one half of patients during the first 2 to 
4 weeks, i.e. at the erythema migrans stage. 

CLINICAL MANIFESTATIONS OF INFECTION WITH 
B. BURGDORFERI

The natural course of Lyme borreliosis is individually varied,  
albeit in all cases progressing in stages. Distinguishable stages may 
include erythema migrans, early disseminated stage with very  
diverse clinical symptoms which in cases of further disease devel-
opment, is followed by the late stage, most frequently presenting 
with neurological, dermatological, cardiological, and orthopedic 
symptoms [3, 23]. 

Erythema migrans is the earliest symptom. Rarely, it is accom-
panied by burning or itching sensation. Erythema resolves spon-
taneously within several weeks, but recurrence is frequent and 
possibly involves as many as several episodes. At this stage, about 
70% of patients suffer from fatigue, headaches, and joint or mus-
cle pains. These symptoms, however, are more typical of dissem-
inated borreliosis. They may be accompanied by subfebrile body 
temperatures. Usually, patients do not associate these conditions 
with the tick bite or the erythema [17]. 

Clinical manifestations of disseminated and late Lyme borreliosis 
are multiorgan in nature. Skin manifestations include lympho-
cytic infiltration within the dermis. It has the form of a blue-red 
bump, 1–5 cm in diameter, most frequently located on the auricle, 
nipple, or scrotum. Just as erythema migrans, the lesion resolves 
spontaneously [24]. 

Chronic atrophic acrodermatitis is frequently reported. It is manifest-
ed by blue-red spots appearing on the side of the extensor muscles 
within distal parts of the limbs, with clear marks of sclerotization 
and atrophy [25]. Polyarthritis is a relatively common manifestation 
of Lyme borreliosis. The course of the disorder consists of short-
term attacks in the form of one or more joints becoming swollen; 
occasionally, the disease may take the form of chronic arthritis [26]. 
Arthritis may be accompanied by inflammation of skeletal muscles 
[27, 28], and even of bone and bone marrow [29, 30]. 

Cardiac manifestations of Lyme borreliosis include arrhythmias 
and atrioventricular conduction disorders, up to and including 
the complete heart block, as well as pericarditis, endocarditis and 
myocarditis [31–34].

Antibacterial treatment was used with success in the 1950s [4, 5], 
albeit no pathogen had been identified yet as of that time; infec-
tious etiology of the disease was demonstrated in volunteers to  
a biological test [6]. Lastly, Lyme borreliosis was described using 
the example of two families from Lyme, CT, USA [3].

Apart from B. burgdorferi, other pathogenic strains include  
B. afzelii and B. garinii. The clinical symptoms of Lyme borreliosis have  
a broad spectrum and are not very specific which significantly delays 
the diagnosis. The pathognomonic symptom consists of erythema 
migrans; however, it is frequently overlooked or downplayed. Pres-
entation at later stages is very diverse, albeit neurological symp-
toms are observed most frequently, with the involvement of cra-
nial nerves, particularly the facial and vestibulocochlear nerves, 
as well as spinal or cerebral nerves [7]. 

This study reviews the literature for reports of incidence, clinical 
course, and prognoses regarding neurootological presentations 
of Lyme borreliosis.

CHARACTERIZATION OF THE B. BURGDORFERI 
PATHOGEN

The Spirochaetaceae family in the order Spirochaetales comprises 
a number of bacterial species dwelling in both aerobic and anaer-
obic conditions within the aquatic environment as saprotrophs, 
symbionts, commensals, or parasites. Species pathogenic to hu-
mans are responsible for syphilis, leprosy, louse borne relapsing 
fever, and pinta disease. The analysis of the genetic material of 
the genus Borrelia revealed a considerable diversity allowing for 
identification of 18 species, three of these being pathogenic [3, 8]. 

B. burgdorferi is a G(−) spiral-shaped bacteria with 7–11 cilia fa-
cilitating active movement. The cell 8–22 micrometers long while 
its diameter is only 0.25–0.30 micrometers, making it undetectable 
under traditional laboratory light microscopy [8]. As is the case 
for most spirochetes, the in vitro growth of B. burgdorferi is slow 
and requires a special substrate. More than 40 immunoreactive 
polypeptide, protein, and lipoprotein molecules were identified in 
bacterial lysates [8– 11]; however, no vaccine against Lyme borre-
liosis has been obtained as a result of studies to date. 

The main pathogen-transmitting vector is the tick species Ixodex 
ricinus. The suborder of ticks (Ixodida) belongs to the Acari sub-
class of arachnids. The natural reservoir of B. burgdorferi consists 
of small and medium-sized mammals and birds [12]. The life cy-
cle of tick consists of four stages including eggs, larvae, nymphs, 
and adult specimens; the latter three forms are capable of biting. 
Tick saliva contains a number of chemical compounds that weak-
en the inflammatory response and suppress inflammation, thus 
facilitating the promotion of bacteria [13]. According to Europe-
an studies, the percentage of infected ticks was 2.8%, 13.8%, and 
21.1% for larvae, nymphs, and adult specimens, respectively [14]. 
In Finland and Sweden, infection was confirmed in 32 and 30% of 
ticks, respectively [15, 16]. The tick bite is imperceptible in most 
cases, with only 30–50% of patients with clinical presentation of 
Lyme borreliosis being capable of recalling it [17]. 
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Various ocular manifestations are also possible, including inflam-
mation of the optic disk, retina and extraocular optic nerve, con-
junctivae, cornea, iris, or vitreous body [35]. 

Less common disorders include subclinical forms of hepatitis [36], 
splenitis [37], or nephritis [38].

All researchers highlight the very significant regional differenc-
es in the natural course of Lyme borreliosis. The clinical signs of 
Lyme borreliosis depend on the B. burgdorferi variety responsible 
for the infection which leads to evident statistical differences in 
the type and prevalence of clinical symptoms in different regions, 
countries, and continents. Neurological symptoms are more com-
mon in Europe while orthopedic manifestations occur more fre-
quently in North America [2]. In South America, orthopedic and 
neurological symptoms occur at a similar frequency [39]. It has 
also been noted that, for example, in the US, erythema migrans is 
more frequently accompanied by flu-like symptoms as compared 
to other areas [38]. In contrast, the multiple erythema migrans  
lesions are observed in around 20% in the US as compared to around 
10% in Europe [3, 40], whereas other atypical skin manifestations 
are more common in Europe than in the US [41, 42].

It is difficult to predict the course of the disease, and clinical mani-
festations may not develop despite the infection event taking place. 
In a prospective study carried out in Sweden, antibodies were de-
tected in 26% out of 346 patients living within the region where 
Lyme borreliosis is endemic (Lisö), with symptomatic borreliosis 
developing after 2 years in 4.6% of patients [43, 44].

NEUROLOGICAL AND NEUROOTOLOGICAL 
MANIFESTATIONS OF BORRELIOSIS

Around ¾ of patients with Lyme disease report complaints and 
present disease symptoms within the head and neck. The symp-
toms are diverse and may occur at all stages of the disease. These 
include headaches, neck pain and stiffness, sore throat, dizziness, 
cervical lymphadenopathy, otalgia, tinnitus, hearing loss, and fa-
cial muscle paresis [39, 45, 46]. In a multi-center survey based on 
questionnaires sent to physicians in 15 European countries and 
covering a total of 3377 cases, neuroborreliosis was reported in 
34% of all cases [37]. After exclusion of patients who complained 
of headache alone, neurological disorders were observed in 25% 
of all patients with Lyme borreliosis. Involvement of at least one 
cranial nerve occurs in 7% of cases [47].

Neurological and neurootological manifestations are referred to 
as the Bannworth syndrome and have the form of central disor-
ders and/or neuropathy of cranial and/or spinal nerves [48–50]. 
Central pathologies include encephalitis, encephalomyelitis, en-
cephalomeningitis, and radiculitis. Cranial neuropathies are very 
common as they are encountered in 47–82% of patients with neu-
rological manifestations [3, 34, 41]; facial nerve paresis accounts for 
70–80% of these manifestations, being the most common isolated 
neurological symptom of Lyme borreliosis [51]. The vestibulococh-
lear nerve is second most common nerve affected by Lyme bor-
reliosis-related pathologies [45]. Symptoms reported by patients  

include headache, dizziness, memory and concentration disorders, 
nervousness and irritability, somnolence, paresthesias, hypoesthe-
sias, motor dysfunctions, and peripheral nerve palsies (stinco).

Radiculitis occurs is observed in about 11% of patients while pathol-
ogies of at least one cranial nerve are observed in 4.6% of patients 
[52]. 

Peripheral facial nerve paresis is the third most common periph-
eral nerve disorder after sciatic neuritis and brachialgia. In adults, 
peripheral nerve paresis is encountered in 11.5 to 40 cases per 
100,000 individuals per year [53, 54]. B. burgdorferi may be a caus-
ative factor in this pathology, and evidence for bacterial etiology 
of paresis is available for other leptospiroses as well [55]. Paresis 
/palsy is observed in approximately 3 to 10% of patients diagnosed 
with Lyme borreliosis [52, 56, 57]. On the other hand, Lyme bor-
reliosis is diagnosed serologically or clinically in 6–20% of adult 
patients with facial nerve paresis [25, 59–62]. 

Approximately 5% of the cranial neuropathies observed in the 
course of Lyme borreliosis are located within the vestibulocochlear 
nerve [52, 63–67]. Damage to the vestibulocochlear nerve is man-
ifested by sudden, unilateral or bilateral hearing impairment/loss, 
tinnitus, and vertigo. Paroxysmal vertigo is observed in 8–56% of 
patients with advanced Lyme disease [46, 58, 68, 69].

Sudden sensorineural hearing loss without tangible cause is ob-
served in 6% of patients diagnosed with Lyme borreliosis [39] 
whereas seropositivity for B. burgdorferi antigens is reported for 
about one-fifth of patients presenting with sudden sensorineural 
hearing loss [70, 71]. 

Isolated cases of spontaneous recovery of hearing following an 
episode of sudden hearing loss in the course of Lyme borreliosis 
can be found in the literature [63, 66, 70–72]. Cases of simultane-
ous involvement of facial and vestibulocochlear nerves were also 
reported. The time interval between the onset of erythema mi-
grans and neurological symptoms varies significantly and may be 
as long as several years; however, antibiotic therapy affords sig-
nificant improvement even after such long disease durations [47, 
67, 68, 74, 75].

There are legitimate concerns regarding significant discrepancies 
in the serological diagnostic data of patients with Lyme disease 
and accompanying neuropathological findings. Infection with  
B. burgdorferi is documented by serological tests in 3.4–17% of pa-
tients with vestibular neuritis [70, 76–79]. In patients with sudden 
sensorineural hearing loss, seropositivity is reported in 0 to 68% 
of cases [16, 53, 80–82]. Seropositive results are sometimes ob-
tained in serum simultaneously to negative results being obtained 
in CSF samples. In addition, a number of false positive results of 
serological tests for Lyme borreliosis are reported [83]. However, 
some researchers have highlighted that similar percentages of se-
ropositive patients are detected in the control groups of the stud-
ies [78] or within the general population [16]; on the other hand, 
other researchers obtained data indicating the frequency of false 
positives being 7 times higher than in the general population [82]. 
When two groups of seropositive and seronegative patients with 
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sudden sensorineural hearing loss were compared, no significant 
differences were found in relation to age, gender, incidence of tin-
nitus or vertigo, and tonal audiometry results [16, 82]. Anti-spi-
rochete therapy led to improved hearing in most [66, 70, 83, 84], 
albeit not all cases [16]. Therefore, despite doubts regarding the 
importance of B. burgdorferi in etiopathogenesis of sudden deaf-
ness, routine serological testing is recommended in patients with 
sudden hearing loss, especially in areas where Lyme borreliosis 
is endemic [73]. 

Despite numerous papers being published on neurological man-
ifestations of Lyme disease, the issues regarding the location of 
damage within the course of the hearing route and the balance sys-
tem remain unanswered. Some hearing disorders may be caused 
by central damage, as pathologies within central auditory path-
way structures were found in ABR tests [51]. Similarly, in a com-
prehensive neurootological assessment carried out by Rzewnicki  
et al. [58] in 32 patients with confirmed Lyme borreliosis, the re-
sults were indicative of possible peripheral (vestibular receptor, 
vestibular nerve) as well and central pathological lesions. Among 
other findings, more than one half of patients presented with pos-
tural disorders, i.e. problems with maintaining proper posture,  
a tendency to fall in different directions, most frequently  

backwards which might suggest a central nature of the pathology. 
In some patients, spontaneous directional gaze nystagmus and 
positional nystagmus of vestibular character was observed. As 
shown by electronystagmographic results obtained as part of the 
Fitzgerald-Hallpike test, patients with neuroborreliosis had pre-
sented with statistically significant elongation of reaction latency 
times, shortening of maximum reaction times and angular speeds 
of slow phase drift. Directional preponderance of caloric nystag-
mus was observed in 37% of cases, with 4% of cases presenting with 
actual preponderance. Complete lack of response was observed in 
3 patients, accounting for 9% of the study group. 

CONCLUSIONS

1. Since Lyme borreliosis is characterized by very significant regio-
nal variations in natural course, more extensive observational 
studies are required, including studies in the Polish population.

2. In view of the very few studies related to the location of patho-
logical lesions within the auditory pathway and the balance sys-
tem, there is a need to carry out suprathreshold audiological 
tests and imaging studies.
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